Introduction {#Sec1}
============

Organophosphate (OP) and paraquat (PQ) pesticide ingestion is a serious health problem especially in developing countries, since OP compounds were involved in 76% of pesticide poisoning \[[@CR1], [@CR2]\] and PQ self-poisoning has the highest case fatality (65%) for any poisoning in Sri Lanka \[[@CR3]\]. The two important pathologies behind PQ toxicity are the generation of reactive oxygen species (ROS; superoxide anion, hydrogen peroxide, hydroxyl radical) and the depletion of NADPH which is necessary for normal function \[[@CR4]\]. Dandapani et al. reported oxidative damage following OP poisoning \[[@CR5]\]. Widespread and robust effects of chlorpyrifos on the genes involved in antioxidant activity have been shown by Slotkin et al. \[[@CR6]\]. ROS are associated with drugs (cisplatin, aminoglycosides) \[[@CR7], [@CR8]\] and noise-induced \[[@CR9], [@CR10]\] cochlear pathology. Animal studies showed that PQ treatment leads to change in hearing threshold, outer and inner hair cell loss \[[@CR11]\]. Progressively increasing delay in auditory event-related potential has been reported in vegetable farmers with long-term exposure to OP \[[@CR12]\]. In contrast, Kimura et al. reported that there was no statistically significant difference in auditory-evoked responses in farmers who were exposed to various pesticides compared to the controls \[[@CR13]\]. The aim of the study was to identify the effects of deliberate ingestion of OP or PQ on brain stem auditory-evoked potentials (BAEPs).

Materials and Methods {#Sec2}
=====================

A cohort study was conducted with matched controls. Consecutive patients with deliberate self-poisoning with OP or PQ who were admitted to a secondary and a tertiary care hospital in the Southern province of Sri Lanka were recruited. The study was approved by the ethical review committee, Faculty of Medicine, University of Ruhuna, Sri Lanka. An informed consent was obtained from the patients. BAEPs were performed at 1 week (the first assessment) and 6 weeks (the second assessment) after the exposure.

Ingestion of OP was confirmed with cholinergic features or patients who were treated at peripheral hospitals with atropine. PQ ingestion was confirmed with positive urine to sodium dithionate test \[[@CR14], [@CR15]\].

The control group was recruited from persons accompanying the patients to the tertiary care hospital. Age, gender and occupation-matched healthy volunteers who did not have a history of acute pesticide exposure were recruited. The controls were matched to ±3 years of the age of test individuals. BAEP was performed only once for the controls. Participants with history of diabetes, neuropathies head injury, and ear infections were excluded from the study.

BAEP is an electrophysiological method that can be used for neurotoxicity testing of auditory function \[[@CR16]\]. A computer-based Neuropack S~1~ electromyography (EMG)/EP measuring system MEB-9400 (Nihon Kohden) was used for the BAEP. A piece of cotton moistened with alcohol was used to clean the patient's skin where the electrodes were attached and the skin rubbed with dry gauze to remove any moisture and gel from the skin. Recording electrodes (active and reference) and grounding electrodes were attached on the patient's head with Elefix paste (Fig. [1](#Fig1){ref-type="fig"}). The patient was kept on a chair relaxed with eyes closed. To avoid EMG of the neck, patients were asked not to move their head. To avoid EMG of the chin, patient was asked to open his/her mouth slightly. The headphones were kept on the head. The hi-cut and the low-cut filters were set to 3 kHz and 100 Hz, respectively. The skin--electrode contact impedance was kept below 5 kΩ. The stimulation intensity was 90 dB and 1,000 stimulations were averaged. Latency was measured in milliseconds. Interpeak latencies of 1--111, 111--V, and 1--V were measured (Fig. [2](#Fig2){ref-type="fig"}) \[[@CR16], [@CR17]\]. ANOVA and Post Hoc comparison were used for the analysis.Fig. 1Electrode placement in BAEPFig. 2Probable sites of generation of the human BAEP \[[@CR16]\]

Results {#Sec3}
=======

There were 70 (50 males) patients recruited following OP ingestion and 28 (21 males) patients following PQ ingestion. The mean \[standard deviation (SD)\] age of the OP and PQ patients was 32 (12) and 29 (12) years, respectively. There were 70 controls and their mean (SD) age was 33 (12) years. In OP poisoning, 53/70 came for the second assessment, and in PQ poisoning, 18/28 came for the second assessment.

BAEP in OP Poisoning {#Sec4}
--------------------

The differences of the mean latency of I--III, III--V, and I--V were prolonged in the test group compared to the controls except in right side 1--111 difference in the first assessment of the test, right side 1--111 and 1--V difference in the first and the second assessment in the test group compared to the controls. None of the differences were statistically significant (Table [1](#Tab1){ref-type="table"}).Table 1The mean latency difference of BAEP in the test and the control groups in OP poisoningControl group, *N* = 70Test groupMean differences95% CI1st assessment, *N* = 702nd assessment, *N* = 53Controls vs 1st assessmentControls vs 2nd assessment1st assessment vs 2nd assessmentControls vs 1st assessmentControls vs 2nd assessment1st assessment vs 2nd assessmentRight sideI--III2.2 ± 0.62.1 ± 0.22.1 ± 0.20.070.110.04−0.04 to 0.1−0.1 to 0.05−0.08 to 0.07III--V1.8 ± 0.21.9 ± 0.21.8 ± 0.50.020.080.05−0.04 to 0.09−0.08 to 0.06−0.09 to 0.05I--V4.0 ± 0.34.0 ± 0.23.9 ± 0.20.010.030.04−0.03 to 0.1−0.1 to 0.06−0.1 to 0.07Left sideI--III2.1 ± 0.22.1 ± 0.22.1 ± 0.20.030.030.005−0.2 to 0.07−0.05 to 0.2−0.2 to 0.1III--V1.8 ± 0.21.9 ± 0.21.8 ± 0.20.030.0070.02−0.09 to 0.1−0.2 to 0.05−0.07 to 0.1I--V3.9 ± 0.23.7 ± 0.23.9 ± 0.20.060.030.03−0.09 to 0.1−0.08 to 0.1−0.15 to 0.07

BAEP in PQ Poisoning {#Sec5}
--------------------

Table [2](#Tab2){ref-type="table"} shows the difference of mean latency of I--III, III--V, and I--V. There was no significant difference detected in the test group compared to the controls.Table 2The mean latency difference of BAEP in the test and the control groups in PQ poisoningControl group, *N* = 70Test groupMean differences95% CI1st assessment, *N* = 282nd assessment, *N* = 18Controls vs 1st assessmentControls vs 2nd assessment1st assessment vs 2nd assessmentControls vs 1st assessmentControls vs 2nd assessment1st assessment vs 2nd assessmentRight sideI--III2.2 ± 0.62.1 ± 0.32.1 ± 0.30.090.090.01−0.4 to 0.2−0.4 to 0.4−0.4 to 0.4III--V1.8 ± 0.21.9 ± 0.21.8 ± 0.20.020.010.01−0.1 to 0.1−0.1 to 0.1−0.1 to 0.1I--V4.0 ± 0.33.9 ± 0.33.9 ± 0.30.010.030.01−0.2 to 0.2−0.2 to 0.2−0.2 to 0.2Left sideI--III2.1 ± 0.22.1 ± 0.22.3 ± 1.30.030.30.3−0.3 to 0.3−0.6 to 0.03−0.6 to 0.1III--V1.8 ± 0.21.8 ± 0.21.8 ± 0.10.050.010.05−0.1 to 0.06−0.1 to 0.1−0.9 to 0.1I--V3.9 ± 0.23.9 ± 0.33.9 ± 0.20.010.0020.01−0.1 to 0.2−0.2 to 0.1−0.1 to 0.2

Discussion {#Sec6}
==========

The current study did not show any significant difference in the interpeak latencies of BAEP in the patients compared to the controls. Very few human studies have examined ototoxic effects with pesticide exposure. No studies have assessed the ototoxic effects following acute exposure to OP. The number of the participants in the PQ arm was small and this may not be adequate to come to firm conclusions. The number of participants in the OP arm may have not provided adequate power to detect statistical differences.

BAEP is a sensory-evoked potential used to assess the integrity of the auditory pathway from the eighth nerve to the auditory cortex \[[@CR16]\]. The interpeak latencies (I--III, III--V, and I--V) of BAEP provide a straightforward method to roughly localize lesions in the auditory pathway \[[@CR16]\].

Animal studies by Bielefeld et al. and Harris et al. showed shifting of evoked potential threshold and loss of inner and outer hair cells following the application of 10, 5, and 3 mM of PQ to cochlea through a surgical incision \[[@CR9], [@CR11]\]. The current study did not look into the auditory threshold level.

Clerici and Yang demonstrated the disruption of generation and transmission of afferent cochlear signals by generation of reactive oxygen species within the perilymphatic space with artificial perilymph and hydrogen peroxide \[[@CR7]\]. Even though both OP and PQ produce reactive oxygen species after ingestion, the concentration of substances reaching the perilymphatic space may not be sufficient to damage the cochlea.

Kimura et al. studied the effects of the event-related evoked potentials in tobacco farmers who were exposed to different pesticides including OP. They did not see any significant effects on the event-related evoked potentials \[[@CR13]\].

Conclusion {#Sec7}
==========

There were no significant lesions in the auditory pathway in OP or PQ poisoned patients compared to the matched controls. The generation of reactive oxygen species within the perilymphatic space following the ingestion of OP or PQ may not be sufficient to cause lesions in the auditory pathway. However, damage to the inner and outer hair cells cannot be excluded. Further studies with the assessment of auditory threshold in acute OP or PQ poisoning are needed.
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